workforce or graduate school by increasing retention 10, 11 of students at the greatest point of loss -the first-to-second and second-to-third years of the engineering program. Nationally, efforts to broaden participation of groups underrepresented in engineering majors and degrees awarded (African American, Hispanic) have grown 8, [12] [13] [14] . The projected large growth of the Hispanic population places the HSI in a unique position to increase the number of diverse engineering graduates 8 .
Project-based learning, community or team building in classrooms and research experiences 15, 16 , and design and building competitions 17 have been successful at increasing retention 18 , especially with female and underrepresented minority students 18, 19 . Recently, the National Academies convened experts in STEM education and published a report of promising practices that included "in-class activities to actively engage students" to increase student performance 20, 21 . For more than two decades, efforts to enhance and reform undergraduate engineering curriculum has shown that the use of design problems 22 and collaborative or active learning in the classroom [23] [24] [25] [26] [27] [28] [29] result in greater retention and engagement of students, especially women and minorities. Integrated curricula have been successful in engineering degree programs, with many incorporating design into freshman and sophomore level coursework 27, 30 . Research, such as findings by Stevens et al. 31 , indicates student comprehension of pre-requisite material came only after applying the material.
Texas A&M University-Kingsville (TAMUK), a Hispanic Serving Institution, is offering The overall goal of CASCADE is to increase the quantity, quality, and diversity of TAMUK students who successfully earn an engineering baccalaureate degree. CASCADE engages engineering students in design exercises and experiences throughout their academic undergraduate careers, and provides student support in an innovative configuration of cascaded peer-mentoring. Incorporation of engineering design experiences across the undergraduate curriculum with linkages to the university's engineering innovation laboratory for access to industry projects contributes to increased student retention and persistence to graduation.
CASCaded Mentoring And Design Experiences (CASCADE)
CASCADE uses promising practices from research to create a retention program that includes integrated curriculum, peer-mentoring, learning communities, and efforts that build innovation and creativity into the engineering curriculum. CASCADE vertically aligns 32 problem-based design efforts from the first-year to senior-year (capstone) courses. Research on engineering student learning communities indicates increased retention and student satisfaction with their first-year experience 18 , 33, 34 CASCADE uses several research-based community building efforts, and works with the existing TAMUK Javelina Engineering Student Success Center (JESSC) to further build engineering learning communities that follow students through cohort experiences in their majors. Retention efforts will include the use of peer mentoring 35 that pairs junior-and senior-level engineering students from the Javelina Innovation Laboratory (JIL) with students in the first-and second-year targeted courses. CASCADE offers a fundamental freshman exposure to the design process, to provide vertically aligned design experiences through the sophomore and junior year, and bring added engagement and understanding to the senior capstone design experience through interaction with industry and peers involved with TAMUK's Javelina Innovation Laboratory (JIL). Exposure to these curricular design experiences are wrapped in a supportive layer of peer mentoring to promote student success. The CASCADE objectives are:
1. Infuse concepts of the design process across all four levels of the engineering undergraduate curriculum (i.e., freshman through senior)
2. Increase first-year, second-year, and third-year retention of engineering undergraduate students to 78%, 68%, 62%, respectively, and 3. Raise the 6-year engineering undergraduate graduation rate to 54%.
Strategies to achieve these objectives include:
• Incorporation of a freshman design experience into existing introductory engineering courses,
• Integration of sophomore and junior design experiences into targeted engineering courses,
• Creation of an innovative cascaded mentoring program designed to maintain consistent access to peer mentors, thus providing continuous support for mentees as they progress through the engineering program, and
• Linkage to the TAMUK Javelina Innovation Laboratory (JIL), which will provide access to authentic design projects for curricular requirements as well as other venues for student design experiences.
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CASCADE engages engineering students in design exercises and experiences throughout their academic careers, and provides added student support through the cascaded mentoring program.
CASCADE offers an innovative fundamental freshman exposure to the design process, provides design experiences that are vertically aligned through the sophomore and junior years, and brings added enthusiasm and understanding to the senior capstone design experience through engagement with professional practitioners. CASCADE links to TAMUK's student-focused innovation center, JIL, which ties to South Texas industry and business to allow for project ideas and sponsorships of paid student internships. This allows students to develop innovative solutions to scientific and technical problems posed by these South Texas industries, governmental and nongovernmental agencies, and to pursue their own innovations. Table 2 .
Historical data on student retention and persistence in the COE (Tables 3 and 4 ) provide baseline information for establishing project benchmarks and outcomes. At the lower levels (i.e. freshman, sophomore, and junior), exposure to curricular design experiences included a supportive layer of peer mentoring to promote student success. A student mentor (called a "design mentor") was assigned to each student design team in the specified course. The project design experience was first integrated into courses in Spring of 2013. Design mentors met with their student teams at specified times during class/lab hours and at least one Comprehensive studies of engineering programs suggest that incorporating the design experience throughout the undergraduate's academic career will not only better prepare the students for their senior capstone design project, but will help build their identity as engineers and better prepare them for professional practice 41, 42 . Research points to several contributing factors which play a role in improving student learning during engineering design experiences, including the impact of active, project-based, and hands-on learning methodologies, and the development of a sense of community and a peer support network 23, [43] [44] [45] . Cooperative learning approaches that are handson and interactive are particularly appealing to underrepresented students [46] [47] [48] [49] Presumably, this is due to a lack of comprehensive exposure to the design process during the first three years of their curriculum.
The engineering departments modified their respective Introduction to Engineering course by adding Freshman Capstone Design (FCAD) exercises to familiarize and expose students to the engineering design process. The course was modified to emphasize the importance of engineering design by introducing FCAD projects; both teaching engineering concepts and providing opportunities to develop student communication and collaboration skills. The FCAD projects were designed similar to senior capstone design projects, but at a level suitable for freshmen. Students were grouped in teams of 5-6 students, with each team given a design problem. The CASCADE team worked with the course instructor, the JESSC director, and a consulting person (industry, faculty, or JIL) in coordinating all aspects of the FCAD projects.
Design project selection occurred in consultation with scientists and researchers from the COE, JIL, government labs, and industry. While the lectures were taught by the instructors, the design projects were closely supervised by both the instructors and the CASCADE PI team. Student teams worked on the projects during the course lab hours in designated departmental laboratories. For each design team, CASCADE funds were available for hardware costs.
Computer labs were available for engineering calculations and machine and electrical shops were available for manufacturing.
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Design experiences were incorporated into the sophomore and junior curricula. In all targeted courses, design projects were selected from the available projects provided by participating industry partners, or a JIL government sponsor. As was the case for the Freshmen, students were assigned to teams, with the course instructor assigning portions of a design project to each team.
The projects were one semester in length, and aligned with the curriculum syllabus. Design activities followed the recognized steps of the engineering design process. In the second year, CASCADE instituted this strategy in Civil (CEEN) and Mechanical (MEEN) engineering. Table   7 provides baseline and benchmarks for infusing design experiences into the engineering curriculum for the four targeted TAMUK departments. CASCADE utilized the strategies of peer mentoring to create the Cascaded Mentoring program.
Peer mentoring is a documented strategy that supports student retention, providing benefits for Page 26.331.14 both the mentee and the mentor 35, [64] [65] [66] . It can be particularly effective for minority students who often have a scarcity of role models 67 . Renowned retention specialist, Vincent Tinto, noted in his book, Leaving College, the importance of mentoring during the freshman/sophomore years 68 .
The mentors can unobtrusively monitor the progress of their students, both academically as well as in a social context. A cooperative learning structure can encourage and enable other students to succeed. In this environment, a team's success is the success of all students on that team 69 .
Minorities are dropping out at a higher rate than their majority counterpart and degree completion rates in Science and Engineering fields are 24 percent lower for underrepresented minorities. This offers a challenge to Hispanic Serving Institutions 73 . Research has also demonstrated that retention rates are lower at some institutions and higher at more selective ones. 73 It was decided that a 10 point spread, approximately 15 % increase, would be a viable objective. Table 8 provides the average retention over 2 years for selective universities. Table 9 provides baseline and benchmarks for increasing retention rates in the four targeted engineering departments. Objective 3: Raise 6-year engineering undergraduate graduation rate to 54%.
Exposing students to industry-based projects via the TAMUK JIL serves as the project strategy to increase the six-year engineering graduation rate. CASCADE provides opportunities for student involvement in JIL-related activities and projects, helping build their identities as engineers and preparing the students for professional practice 49 . The JIL addresses the nation's needs by providing a young cadre of engineers with the experience and drive to innovate in nearly all of the fourteen "Engineering Grand Challenges." 70 . And because TAMUK is a HSI in a predominantly Hispanic region, it provides a mechanism to encourage more young Hispanic students to enter or remain in one of the engineering (or other STEM) disciplines; thus, broadening participation in engineering fields. Table 10 lists baseline and project benchmarks for the TAMUK 6-year graduation rate. Since some reports and studies suggest a national rate near 55% 71, 72 , CASCADE is targeting a six-year graduation rate of 54% by project end. is not yet available, the numbers do suggest that first year retention is increasing (Table 12 ). The number of degrees awarded has increased (Table 13 ).
(2) How have the project's mentoring activities impacted the mentors' knowledge, skills, attitudes, and educational and career plans?
In the first Spring 2013 group, 5 mentors responded to the Project Design Pretest for Mentors, 4
were male and 1 was female. As regards Race/Ethnicity, 3 were Hispanic, 1 was Asian and 1 was White. Of the 6 mentors that responded to the Project Design Posttest for Mentors, 5 were male and 1 was female. As regards Race/Ethnicity, 4 were Hispanic, 1 was Asian and 1 was
White. In the 2013-2014 group, 10 mentors responded to the Project Design Pretest for Mentors, 3 were female and 7 were male. As regards Race/Ethnicity, 7 were Hispanic, 2 were Asian and 1 1 was White. Four engineering disciplines were represented: 3 Civil, 5 Mechanical, 1
Architectural, and 1 Environmental and Architectural. Of the 15 mentors that responded to the Project Design Posttest for Mentors, 13 responded to the gender question and of these 5 (38.5%)
were female and 8 were male. As regards Race/Ethnicity 13 responded and of these, 12 were Page 26.331.19 After the first semester utilizing CASCADE, the mentors completed a survey utilizing Survey In 2013-2014, a question was asked about their knowledge of project design before mentoring resulting in: 2 (25%) had minimal knowledge, 3 (37.5%) had adequate knowledge, 2 (25%) were knowledgeable and 1 (12.5%) was extremely knowledgeable. After mentoring their know ledge of project design grew as 100% of those that responded perceived that they had at least adequate knowledge of the project design with 2 (15.4%) perceiving adequate knowledge, 9 (69.2%) were knowledgeable and 2 (15.4%) were extremely knowledgeable. This suggests a growth when compared with Spring 2013 with 17% extremely knowledgeable, 33% knowledgeable, 33% adequate knowledge and 17% minimal knowledge.
Asked on their interest in project design before they worked as a mentor they responded as follows: 1 (11%) somewhat interested in project design, 1 (11%) a little interested in project Page 26.331.21 design, 5 (56%) interested in project design, 2 (22%) very interested in project design,. The same question asked after their mentorship resulted in: 3 (23%) somewhat interested in project design, 4 (31%) interested in project design, 6 (46%) very interested in project design, The mentorship resulted in the mentors changing from 22% to 46% very interested.
When asked to indicate the best descriptor of their interest in a career in engineering prementoring, they responded with a 2 (22%) interested and a 7 (78%) very interested in a engineering career. After mentoring 1 (7.7%) was not at all interested, 1 (7.7%) was interested, 10 (76.9%) were very interested, and 1 (7.7%) did not have enough information to determine if interested in an engineering career.
When queried, pre-mentoring, whether they were motivated to remain in Engineering, they were all motivated with 1 (10%) fairly motivated, 2 (20%) quite motivated, and 7 (70%) very motivated. When queried post-mentoring whether they were motivated to remain in Engineering, 1(8%) was not motivated, 1 (8%) was somewhat motivated, 2(13%) were quite motivated, and 8 (53%) were very motivated.
(3) How has integration of design experiences into targeted courses impacted students' knowledge, skills, attitudes, performance in the senior design course, and educational and career plans?
In the first Spring 2013 group, of the 11 participants that responded to the Project Design Pretest for Participants, 10 (91%) were male and 1 (9%) was female. (Table 15 ). Their awareness of project design before taking the project included 3 (33%) who had only heard the term project design, 4 (45%) who knew only a few things about project design, and 2 (22%) who had only some basic skills related to project design; only 9 responded to this question. Their awareness of project design after enrolling in the course included 1 (5%) who had only heard the term project design, 6 (30%) who knew only a few things about project design, 7 (35%) who had only some basic skills related to project design, and 6 (30%) who had read up on the project design and felt quite comfortable.
In the pretest, 1 (9%) of the participants was not at all interested in project design, 3 (27%) were somewhat interested in project design, 5 (46%) were interested in project design and 2 (18%)
were very interested in project design. In the posttest, 1 (5%) of the participants was a little interested in project design, 3 (15%) were somewhat interested in project design, 8 (40%) were interested in project design and 8 (40%) were very interested in project design.
In the pretest 3 (27%) were interested in a career in engineering while 8 (73%) were very interested in a career in engineering. In the posttest 11 (55%) stated that they were very interested in a career in engineering, 7 (35%) were interested in a career in engineering, 1 (5%) was a little interested in a career in engineering and 1 (5%) felt there was not enough information to determine if interested in an engineering career.
In the pretest, 6 (55%) were very motivated to remain in the discipline, 4 (36%) were quite motivated and 1(9%) was fairly motivated with 5 enrolled in Civil and 6 in Mechanical. Of the 11 participants 7 had not thought of transferring to another engineering discipline while 4 had Page 26.331.24 sometimes thought of it. In the posttest, 14 (70%) were very motivated to remain in the discipline, 4 (20%) were quite motivated, 1(5%) was fairly motivated, and 1(5%) was somewhat motivated with 10 enrolled in Civil and 10 in Mechanical. Of the 20 participants 12 had not thought of transferring to another engineering discipline while 7 had sometimes thought of it, and 1 had thought of transferring fairly often.
After the course was completed, they indicated the best descriptors of the amount of learning that could be attributed to the project; 2 learned a little bit, 6 learned something, 8 learned quite a lot, and 4 learned an amazing amount about engineering and project design (Mean = 3.7, SD = .92).
They also rated their growth in problem solving skills: 1 perceived no growth, 1 perceived minimal growth, 5 perceived adequate growth, 7 perceived good growth, and 6 perceived excellent growth (Mean = 3.8, SD = 1.11). In collaboration or working on a team, 1 rated the growth as no growth, 1 rated it as minimal, 2 rated it adequate, 6 rated it good and 10 rated it excellent (Mean = 4.15, SD = 1.14). 3 out of the 20 participants perceived an adequate growth in engineering design, 10 perceived a good growth, while the remaining 7 perceived they had an excellent growth in engineering design (Mean = 4.2, SD = .70). The participants were also asked to rate their own growth in the area of project design proficiency. In problem solving 2 rated the growth as adequate and 12 rated it good, and 6 rated it as excellent (Mean = 4.2, SD = .62).
Overall this appears to have been a good learning experience for the students. Overall this appears to have been a good learning experience for the students.
Conclusion
The data collected so far shows that infusion of design practices in to the engineering curriculum starting from freshman year and inclusion of peer mentoring do have positive impact on retention Page 26.331.26
rates. The data also shows that engineering students as early as freshman, both mentors and students, improved their problem solving and team-work skills, and increased interest in project design. These activities increased the motivation among students to stay in the discipline, hence increased the retention rates.
The learnings gleaned from the research thus far suggests that the input of a project design and peer mentoring results in an increase in the number of degrees awarded, retention, awareness of and interest in project design, and motivation to remain in the discipline. In addition, the participants indicated that learning could be attributed to the project and they perceived a growth both in problem solving and collaborative skills. Page 26.331.30
